2.
A. PCA analysis of published podocyte mRNA-Seq studies (see Table S3 for details, H_P is our study). B. Contribution to principal components. C. Histogramm and density plot of tpm values from our podocyte mRNA-Seq study. D. Comparison of tpm values of podocyte, mesangial cell and endothelial cell marker genes. Our Podocyte RNA-Seq study as well as the studies of Kann et al.(6) and Fu et al. (8) proofed to be podocyte specific with only minimal expression of mesangial and endothelial marker genes (H_NP is our RNA-Seq study on non-podocyte glomerular cells, H_P is our study on podocytes, see Table S3 for details of further studies). E-I. Overrepresented Genesets in podocyte compared to non-podocyte glomerular cells transcriptomes. Related to Fig. 2 Cultured mouse podocytes were seeded on plastic dishes (collagen coated) or on collagen coated "soft" matrix with defined elastic modulus (soft matrix, 12kPa). A proteomic profile of both groups was generated and hierarchical clustering of protein expression values was performed. B. Volcanoplot of protein quantification from podocytes on soft matrices as compared to podocytes on plastic dishes demonstrating significantly changed proteins.
Proteins beyond the curved lines are significant based on FDR 0.05, s0= 0.1 C. Cultured human podocytes were seeded on plastic dishes (collagen coated) or on collagen coated "soft" matrix with defined elastic modulus (soft matrix, 12kPa 
Supplemental Experimental Procedures Glomerular isolation
We essentially used the same method as described previously (Boerries et al., 2013) . Briefly, kidneys were dissected together with the abdominal aorta and transferred into dishes filled with 37°C prewarmed Hank's buffered salt solution (HBSS). Each kidney was perfused slowly through the renal artery with 2 ml 37°C bead solution and 0,5 ml bead solution plus enzymatic digestion buffer
[containing: collagenase 300 U/ml (Worthington, Collagenase Type II, USA), 1 mg/ml pronase E (Sigma P6911, Germany) DNase I 50 U/ml (Applichem A3778, Germany)]. Kidneys were minced into 1 mm³ pieces using a scalpel. After addition of 3 ml digestion buffer they were incubated at 37°C for 15 min on a rotator (100 rpm). The solution was pipetted up and down with a cut 1000 µl pipette tip every 5 min. After incubation all steps were performed at 4 °C or on ice. The digested kidneys were gently pressed twice through a 100 µm cellstrainer and the flow through was washed extensively with HBSS. After spin down, the supernatant was discarded and the pellet resuspended in 2 ml HBSS.
These tubes were inserted into a magnetic particle concentrator and the separated glomeruli were washed twice.
Podocyte Preparation
Glomeruli were resuspended in 2 ml digestion buffer and incubated for 40 min at 37°C on a thermomixer shaking at 1400/min. During this incubation period the glomeruli were sheared with a 27 G needle at 15 min, and mixed by pipetting twice at 5, 10, 15, 20 and 25 min using a glass pipette.
Podocytes were loosened at 10, 20, 30 min by vortexing once. After 40 min the solution was vortexed three times and the digestion result controlled by fluorescence microscopy. Samples were put on a magnetic particle concentrator again to eliminate beads and glomerular structures void of podocytes.
The supernatant was pooled and the magnetic particles discarded. The cell suspension (2 ml) was sieved through a 40 µm pore size filter on top of a 50 ml Falcon tube, rinsed with 10 ml of HBSS. Cells were collected by centrifugation at 1500 rpm for 5 min at 4°C, resuspended in 0.5 ml of HBSS supplemented with 0.1% BSA plus DAPI (1 µg/ml). To separate GFP-expressing (GFP+) and GFP- 
Sample preparation of podocytes for LC-MS/MS
For proteomic deep mapping, snap-frozen podocytes were dissolved in 8 M urea and 100 mM ammonium bicarbonate and lysates were generated. Protein lysates were sonicated (20 pulses, 0.1% power, 0.1s sonication cycle) and spun down at 4 degrees (16,000 g, 20min) to clear the debris.
Supernatants were saved for further analysis. Protein concentration was determined using a commercial BCA assay (Thermo). 100 µg of protein were reduced with DTT (10 mM) and alkylated with iodoacetamide (40 mM) for 1h at room temperature in the dark, respectively. Podocytes were digested using trypsin at a 1:100 w/w ratio over night with shaking. The next day, ~25µg of peptides were fractionated using a six-layered SCX resin and fractionation using six different buffers as 
BIoinformatic analysis of deep proteomic data
For details on sample preparation and mass spectrometry analysis see extended methods.
Raw files were analyzed using MaxQuant v 1.5.1.2 (Cox and Mann, 2008) and data was searched against a uniprot reference proteome for mouse or human downloaded at February 2014. MaxQuant options were default with match between runs enabled. The MaxQuant LFQ algorithm was enabled (Cox et al., 2014) . Bioinformatic analysis was performed using Perseus v 1.5 (Cox and Mann, 2012).
Briefly, reverse and contaminant hits were filtered out and proteins only identified by a site (site only)
were removed. LFQ intensities were logarithmized, and a podocyte specific proteins were analyzed using a two-tailed t-test after imputation of missing values as described previously (Kohli et al., 2014) .
Correction for multiple testing was performed using an approach similar to SAM as initally published by Tusher et al. (Tusher et al., 2001) . The parameters are detailed in the figure legends. Network analysis of podocyte-enriched proteins was performed using the netbox algorithm (Cerami et al., 2010) and default settings (p=0.05, maximal linker 2), using updated protein-protein interaction databases (3/2015) as input. 
Analysis of mRNAseq data.
Pooled RNA of native mouse podocytes and non-podocytes glomerular cells was sequenced in two technical replicates. All RNA-Seq experiments were quantified using Salmon Beta 0.5.1 ( (Patro et al., 2017) ). RNA-Seq raw for quantification of published studies were downloaded from the European Nucleotide Archive (Toribio et al., 2017 ) please see Supplemental Table 3 for information about individual experiments ( (Brunskill et al., 2014; Fu et al., 2016; Kann et al., 2015; Lin et al., 2014; Pervouchine et al., 2015) ).
In general, analysis of transcriptomic data was performed using the R statistical software was performed using sleuth version 0.28.0 using a wald test (Pimentel et al., 2017) . For Reactome (Croft et al., 2014; Milacic et al., 2012) analysis ReactomePA (Yu and He, 2016) and clusterProfiler package (Yu et al., 2012) Bioconductor package was used on significantly regulated transcripts (q < 0.001 & b > 1.5) (accessed 9/2016). Raw data were deposed at EBI Array Express with experiment accession number E-MTAB-5457 (Username: Reviewer_E-MTAB-5457, Password: KC158Tch).
Podocyte specificity was calculated as a ratio of tpm(Podocyte)/sum tpm (all other tissues). RNAseq datasets from other tissues were derived from the mouse RNA Profiling datasets by the ENCODE project, using the datasets SRR453077-SRR453175; SRR567478-SRR567503, all processed in an identical fashion.
Drosophila experiments
D. melanogaster stocks were cultured on standard cornmeal molasses agar food and maintained at 25°C. RNAi-Based Nephrocyte Functional Screen Procedure: Virgins from MHC-ANF-RFP, HandGFP, and Dot-Gal4 transgenic lines (Gift from Zhe Han, University of Michigan, Ann Arbor, USA) were crossed to UAS-CG9093-RNAi (VDRC TID 9696/GD) males at 25°C; 2 days after crossing, flies were transferred to small collection cages with grape juice agar plates to collect the embryos for 24 hours at 25°C. Collected embryos were aged for 48 hours at 29° C and then subjected to examination of the RFP accumulation in pericardial nephrocytes using a confocal microscope. The RFP mean fluorescence intensity of GFP positive areas was measured to quantify the uptake efficiency. The result was verified using a second RNAi (VDRC 101473/KK). For transmission electron microscopy Virgins of prospero-Gal4 (gift from Barry Denholm, University of Edinburgh, Edinburgh, UK) were crossed to UAS-CG9093-RNAi (VDRC TID 9696/GD) for a garland cell-specific knockdown of Tsp26A. Drosophila garland cells were freshly prepared and immerse fixed for three days at 4°C using 4% paraformaldehyde plus 1% glutaraldehyde (Sigma Aldrich, Germany; in 0.1M PB buffer, pH 7.4) as a fixative. The samples were contrasted using 1% osmiumtetroxide (Roth, Germany; 30 min at RT) and 1% uranylacetate (30 min at RT in 70% ethanol), dehydrated stepwise and finally embedded in epoxy resin (Durcopan, SimgaAldrich, Germany) . Ultrathin sections were cut using a Leica Ultracut 6. Section imaging and analysis was performed using a Philipps CM10 TEM.
Sample preparation for proteomic analysis of cell culture experiments.
Cells were harvested by scraping in 8M urea and 100mM Ammonium bicarbonate on ice with 1x protease/phosphatase inhibitor. Then, proteins were reduced (5 mM DTT at room temperature for 1h), and alkylated (10mM IAA at room temperature for 1h in the dark). The proteins (~50 µg as determined by a BCA assay [Thermo] ) were digested using a 1:100 trypsin/protein ratio over night at room temperature. The next day, peptide solution was acidified and subjected to Stage tip cleanup as above described (Rappsilber et al., 2003) and mass spectrometry analysis on a Q Exactive plus machine as previously described (2.5 h gradient). For details on bioinformatics analysis, please see supplementary methods.
Bioinformatic analysis of cell culture experiments
Raw data was processed with MaxQuant and intensities were logarithmized, contaminants were removed and raw data was normalized by substraction of the mean. Data were uploaded in perseus and hierarchical clustering (based on Euclidean distance) was performed. Imputation was 
Pulsed in vivo stable isotope labeling
Stable isotope labeling of animals was performed as previously described by Krueger et al. (Krüger et al., 2008) Lys (0) Sample preparation and proteomics of in vivo stable isotope labeled tissue SILAC mice and kidneys were perfused and podocytes were isolated exactly as described above. Then, snap-frozen podocytes were lysed in SDS and fractionated using 1D Gel electrophoresis and processed as previously described in gel-with 6-10 gel pieces/protein (Boerries et al., 2013) . The digestion was performed with LysC (w/w ratio of 1:10). Analysis of pulsed SILAC labeled podocytes was performed using an LTQ Orbitrap XL mass spectrometer coupled to a nLC as previously described (Boerries et al., 2013) .
Bioinformatic analysis of dynamic proteomic data
Proteomics data were searched with MaxQuant v 1.4.1.2 against an UNIPROT mus musculus database downloaded on March 2016. Multiplicity was set to 2 (with Lysine + 6 Da), and the maximal number of labeled amino acids was 4. The protease was LysC/P, with three maximal missed cleavages. Minimum peptide length was 7, variable modifications were methionine oxidation and protein N-terminal acetylation. Carbamidomethylcysteine was set as fixed modification.
MatchBetweenRun option was not enabled. The non-normalized ratios were used for further procedures. The resulting ratios were merged using Perseus und filtered for reverse, contaminant and "site only" proteins Then, the resulting matrix was filtered so only valid ratios were obtained. 2D GO enrichment analyses were applied as described above. H/L ratios were normalized using the following term depicting the "number of heavy amino acids", using the iBAQ obtained from Fig. 1 and using the amino acid copy numbers obtained from uniprot for the leading majority protein. The following formula was used to correct ratios:
In situ hybridization
Mouse isolated podocyte RNA served to clone fragments of 5′-UTR and coding sequence of mouse Farp1 using the One-Step PCR Kit (Qiagen, Heidenheim, Germany). PCR fragments were inserted into a modified pBluescript (KS-) vector (Invitrogen, Carlsbad, CA) using NotI and MluI restriction sites. pBluescript Vector was linearized and digoxigenin-(DIG)-labeled antisense riboprobes were generated using T7-RNA-polymerase (Roche, Mannheim, Germany). For paraffin section ISH, slides were progressively rehydrated. After prehybridization (20 min), hybridization with DIG-UTP probes took place overnight in standard hybridization buffer (SSC pH 4.5; containing deionized 50%
formamide, 1% SDS, heparine 50µg/ml and yeast RNA 50µg/ml) at 60 °C. Specimens were then incubated with alkaline phosphatase-conjugated anti-DIG Fab fragments (Roche, Mannheim, Germany) at a dilution of 1:3000 for 2 h at room temperature. Alkaline phosphatase was detected using chromogenic conversion of BM Purple (Roche). Slides were then progressively dehydrated in xylol, counterstained with Eosin and mounted. The following primers were used: To obtain a candidate list of genes we performed clustering analysis of z-normalized relative mRNA expression levels, relative protein expression levels, absolute protein expression levels as well as tissue specificity of the podocyte mRNA levels. We found that disease-associated genes in slit diaphragm and actin-related processes were largely defined by very high z-scores in all four parameters, and clustered in close proximity. Ranking individual genes based on their scores in each parameter, combined with additional information from the human protein atlas, glomerular disease datasets (www.nephromine.org), as well as importance of the respective gene in go-term analysis generated a list of 280 candidate gene-protein pairs. To test these in patient cohorts, we performed different next-generation sequencing (NGS) based approaches. First, we performed whole exome sequencing (WES) using Agilent SureSelect™ human exome capture arrays (Thermo Fisher Scientific) with NGS on an Illumina™ platform. Sequence reads were mapped against the human reference genome (NCBI build 37/hg19) using CLC Genomics Workbench (version 6.5.1) (CLC bio).
Mutation calling was performed in line with proposed guidelines by scientists, who had knowledge of clinical phenotypes, pedigree structure, and genetic mapping. 430 families with nephrotic syndrome were screened for mutations in 280 candidate genes derived from the "multi-omics" approach. 
Zebrafish experiments
Transgenic zebrafish Tg(l-fabp:DBP-EGFP) were a kind gift from B. Anand-Apte, Cleveland, OH (Xie et al., 2010) . They were grown and mated at 28.5° C and embryos were kept and handled in standard E3 solution as previously described (Hentschel et al., 2007) . Morpholino sequence for farp1 was 5'UTR: GTGTCTTTAAATGATATTCCGCTGG, for control:
CCTCTTACCTCAGTTACAATTTATA. They were injected in one-to four-stage embryos using a Nanoject II injection device (Drummond Scientific, Broomall, PA). Morpholinos were ordered from GeneTools (Philomath, OR). Injections were carried out in injection buffer (100 mM KCl, 0.1% phenol red) and at 48 hours post fertilization (hpf) remaining chorions were manually removed. Edema assessment and fluorescence based eye assays were performed as previuously described (Hanke et al., 2013) . The animal protocol was approved by the MDI Biological Laboratory IACUC (#11-02).
